Eichrom Method and
Application Note Updates

Daniel McAlister, Senior Chemist

Radiobioassay & Radiochemical Measurements Conference

RRMC 2014
Knoxville, Tennessee USA

Hadmbmassayﬂ Radiochemical Measurements Conference October 27 - October 31, 2014




Outline

- Updates to Eichrom “classic” methods
- Application Notes for new methods

- Highlights of important steps



Eichrom Methods

- No major changes to the chemistry
- Format/Organization

- Separated CeF,/Electrodeposition into Separate Methods

- Improve Reference Material
- Add One Page Flowcharts

- Column and Cartridge Based Methods



Method Analyte Matrix Column Cartridge

ACSO07 U soll X X
ACUO2 Am-Cm/Pu/U urine X X
ACWO01 U/Th water X X
ACWO02 U water X X
ACWO03 Am-Cm/Pu/U water X X
ACWO04 Am water X X
ACWO08 Th/Np water X X
ACW10 Th water X X
ACW11 Total Alpha water N/A
ACW13 Th/Pu/U water X X
ACW-16 Am-Cm/Pu/U/Np/Th water X X
ACW-17 Am-Cm/Pu/U/Np/Th/Sr water X X
FEWO1 Fe water X X
NIWO01 Ni water X X
OTS01 Pb soil X X
OoTwWo1 Pb/Po water X X
OTWO02 Tritium water X X
RAWO1 Ra water X X
RAWO3 Ra water X X
RAWO04 Ra water X X
SPAO1 CeF3 ppt N/A
SPAO2 Electrodeposition N/A
SPAO3 Am-Rare Earth Separation X X
SRWO01 Sr water X X
TCSO01 Tc soil X X
TSUO1 Tc urine Disk
TCWO1 Tc water X X
TCWO02 Tc water Disk
TPO1 Set-up of U-232 Self-Cleaning Tracer

VBSO01 Vacuum Box System Guide
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Americium, Plutoniwm and Uraniumin Urine (with Yacoum Box System)

1. Scope

1.1.  This procedure describes a rmethod for separation of amencium,
plutoniurn snd uranium in urine. After completing this method, source
preparation for measurementof armencium, plutonium snd uranium by
slpha spectrometryis perfomed by electolyic depositon onto
stainless stesl planchets [(Eichrom Method SPADZ) orby rare earh
fluonde microprecipitation onto polypropylene fitters (Eichrom Method
SPADT).

1.2. This method doesnot address all aspect of safety, quality control,
calibration orinstrurnent set-up. Howewver, enough detsilis given fora
trained radiochemistto achieve accurste and precise resuls forthe
analysis of the anahlytels) from the appropriste matrz, when
incorporating the approprate agency orlaboratory safety, quality and
laboratony control standards.

2. Summary of Method

2.1, Amencium, plutonium and uranium are separated by Eichrom UTEWVA
and TRU resins priorto measurementby slpha spectrometry. A
calcium phosphste precipitstion technique canbe used to concentrete
and remove actinides from urine samples. Tracers are used to moniior
chemical recovenss and comect results to improve precision and
soouracy.

3. Significance of Use

3.1. Thisis a rapid, relisble method for measurement of actinidesin urne
samples that is more cost-eflective and efficient than traditionalion
exchange, sohent extrection and precipitstion techniques. 1t also
takes advantage of vacuurm assisted flow and the ability to stack resin
carndges forsimultaneous extracion of U, Pu and Amon UTEVA and
TRU Resins. This approsch canreduce resin separaton time by mor
than halfwhen comparad to methods using grevity flow resin columns.

4. Interferences

4.1.  Actinides with unresohable alphs energies suchas Am-241 and Pu-
238 orMp-237 and U-234 must be chemically separated to enable
measurement This method separatesthese zotopes effectivaly.
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4.2,  Veryhigh levek of phosphate may reduce the recoveryof actinides
during the calcium phosphate predpitstion and column separstion.
Adjusting the amountof phosphate added to coprecipitate the
actinides may be necessary in these cases

5. Apparatus

5.1. Analyticalbaiance-0.0001 g sensitivity

§.2. Carindge rezensirz-10mL Eichrom Part AC-200-Rv10or 20mL

Eichrom Part AC-200-RV20

Centrfuge, with roforand camerz for 50mL and 250ml tubez

Centrifuge fubsz, 50mL and 250mL

Eichrom vacuum box sy=tem- Eichrom Part Mo. AC-12-BOX or AC-24-

BOX

5.6. Vacuum Box White inner Support Tube-PE- Eichrom Part Mo. AC-
1000-TUBE-PE

. Vacuum Box Yelow Cuter Tipe- Eichrom Part Mo. AC-1000-0T

Fume hood

Hotplate

0. Vacuum Pump-115%, 60 Hz Fisher part no. 01-092-25 (or
equivalent) orhouse vacuum

5.11. Gises etirrods

5.12. Vorex mixer
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E. Reagents

Mote: Analytical grade or ACS grade reegents and trace metal grade (or
equivalent) acids are recommended. Evalustion of keyreagents, such as
aluminum nitrate and ammoniumn hydnogen phosphate, forcontribution to
method background levels from naturally ocouming radioactve matenals is
recommended.
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Calcium N?fefe_. CaNG,

Sodium Witnte, NalL;

Femic Nitrate Nonahdrate, FeNCy)y 5H0

Sulfamic Acid, H:N50;

Hydrogen Perode [30%), conceniraled H:0;

1-Octanol, CaH,OH

TRU Rezin - 2mL prepacked cartndge, 50-100um, Eichrom Part TR-R50-5

UTEVA Resin - 2mL prepacked carndge, 50-100wm, Eichrom Part UT-R50-

Deionized water, All reagents are prepared with deionzed water

Approprste tracers or sfandsrds (U-232 Am-243, Pu-242 or Pu-236)

Ammonium hydroae| s 196, concentraied MHaeH

Banum Chionde, BaCL-2HD

Hydrochiont acid (47 ), conceniraled Aol

Hyd'rofiucnc acid (493%), concentrated HF

Nitnc acid (70%), concenfrated HNQ;

Aluminum Nitrale Nonahydrale, AN g); 3H0

Oxalic Acid Dihydrate, HC:04 2H:0

Ammonium Oxalafe Monchydrale, [MH.Cz0.HO

Ammonium Hydrogen Phosphate, (MHzHP O

Ammonium Thiocyanate, NH.SCN

Azcorbic Acid Powder, CuH:0y

6.1.  Ammonium bioxaliate (0. 1M)}- Dissolve §.3g of oxelic acid and 7. 1gof
ammaoniurn oxslate in 300mL of water. Diluteto 1L with water.

6.2,  Ammonium hydroegen phozphste (3.204)- Dissolve 208g of (MH::HPOs
in 400mL of water. Heat gently to dissolve. Dilute to 500mL with water.

5.3, Ammonium thiocyanate indicator (1 AM}-Dissolve 7.5g of ammonium
thiocyanate in 90mL of water. Dilute to 100mL with water.

6.4, Ba camer(5 mgimL} Dissolve 4.37gof BaCk 2H:Oin 250mL of
water. Dilute to 500mL with water.

6.5, Calciumnitrate (1. 25\{)- Dissolve 102gof Ca{MOgkzin 400mL of waier.
Dilute to 500mL with water.

6.6, Hydrochionz acid (1M) - Add 83ml of concentrated HClto 800mL of
water. Dilute to 1L with water

6.7. Hydrochionc scid (4A4)- Add 333mL of concentrated HCl to 500mL of
water. Dilute to 1L with water.

6.8. Hydrochionc scid (404)- hydrofivonc seid (0. 1Ad)- Add 333mL of
concentrated HCl and 3.6mL of concentrated HF to 500mL of water.
Dilute to 1L with water.

6.8, Hydrochionc scid (SA)- oxalic scid (0. 05M) 2oiution- Dissolve §.3g
oxalic acid dihydrate in 400mL of water. Add 41 7mlL concentrated HCL
Dilute to 1L with water.

6.10. Hydrochionc acid (0)- Add 750mL of concentrated HClto 100mLof
water. Dilute to 1L with water.

6.11. Nitric scid (20M)- 2odium nitrite (0. 1 0] 2oiufion- Add 31mL of
concentrated HMO; to 200mlL of water, dissolve 1.72g of sodium nitrie
in the solution. Dilute to 250mL with of water. Pre pare fresh daily.

6.12. Nitric scid zolution (30} Add 188mL of concentrated HMO, to TO0mL
of water. Dilute to 1L with water.

6.13. Nitrie scid (5A) - Add 500mL of concentrated HMO: to 45 mL of water.
Dilute to 1L with water.

§.14. Nitric acid (3M) - Aluminum nitrate (.00 2oiution- Dissohwe 37 5g of
ANMNOe 9HD in 500mL of water. Add 188mL of concentrated HMOy
Dilute to 1L with of deionized water.

§.16. Femic Nitrate Soiution (5 mg/ml Fe)in 0.1 MHNC;— To a 500mL
volumetnc flask, add 18g Fe(MOxy9H2, 400mL waterand 3. 1mL
concentrated HMO,.. Swird to dissolve. Dilute to 500mL with water.




REFEREMCES
(1) Horwitz, E.P., et sl. “Separstion and Preconcentration of Actinides from
Acidic Medis by Extraction Chromaiography,” Analytics Chimics Acis, 281,
361-372,(1993).
(2) Horwitz, E.P., etal. “Separation and Preconcentration of Lranium from
Acidic Media by Extraction Chromatography,” Analytica Chimics Acis, 268,
25-37, (19582

(3} Maxwell, 5.L., etal "Rapid Anabysis of Urne and Water Samples.” Joumal
of Radiosnalytical snd Nudesr Chemiziny, 275(3), 447-502 (2008}

(4) ASTMMethod C3648-14, “Standard Practices forthe Messurementof
Radioactivity”

(5) ASTMMethod DY 28208, “Standard Practice for Set-up, Calibraton, and
Quslity Control of Instruments Used for Radiosctivity Measurements.”

ASTM International, Standards for Radiochemistry, http://www.astm.org/

National Analytical Management Program (NAMP), Webinar Series on Actinide
chemistry, http://www.wipp.energy.gov/namp/en_content-30-trainingedu.html

National Academy of Sciences, Monograph Series on Radiochemistry,
http://www.lanl.gov/library/find/ebooks/radiochem.php
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Update Progress

25% 50% 75% 100%

Draft Update - r— 1© [ ]
Formatting and Editing _
Final Proofread [ [ ]
Testing 1




Application Notes

- Significant changes to the chemistry
- Application to new matrix or sample size

- New analyte or combination of analytes

- Make vast library of applications of Eichrom
Products more accessible.

- Two pages highlight:
- Summary of method
- Reagent/Equipment lists
- Flowsheet(s)
- Testing data
- Reference to literature citation



Rapid Determination of Srin
L1404 1-2 Liter Seawater Samples

summary of Method Stonfumis=paratdand oncentsied fomi-2L samgples of seanatrsih acaium
phoghst precpitafon, enhancad wik 200mg ofikon and 1mg of yildum. Skonfum is ==paesied from metix impuites
and polenfally merkeng radinudides in te smpk usihg feo sboled 2wl riedges of Eidieom 5S¢ Fesn.
Radiostonium s measured on 3 low badground gas fow proporfonsl ounker. Chemical vield of stonfum is
dekemined bygsvmetic recoey of nate sishle stonfum n fhe =anskr Average chemicsl reanery of stonfum
5 B9 +5% for 1L Smplkes and B2 + £% fr 2L samples. Measued wlues of #5 ageed o wifin 13 and &% of
rebmno wiues, i 1L and 2L, egpecively, with tao hour count fimes. The minmum delechble achaty for ®5r for 2L
zampes with 3 tao hour count fme s 918370 A sngle coessier can peepsee bsiches of 12-24 saples for
megsiementaf mdiaskon fum i kss tan Bhous.

Figure 1. 5ample Preparation
Reagents P B
Sr Rzsin, i Cartidges [Eidiom SRAS0S) 1-2L Sample of Seawster.
Nitric A (70%) Add 200mg F2{lil, 1mg YD,
mrmonium Hydmade (373 3nd25mL 3 2 (NHJHR D,
Deioniz=d Waler
Inon Carer G30mgiml Fe,as ewcnitaie] Mix Vel
¥ iteum Caevier { Img )
30 [NH,JHP G, Adpustia pH 10 wih *ﬂI:h'L of 7%
AlurminumMitsiz, Nonsndmis NH.OH isi-g
w5 standasd ) -
Oealicacd Centiiige for 10 mmwies in 250 ar S00mL
Sosicacid fbes 313000mm, decaning spemat o
waske, unflznfrs Taﬁh&'m pocesed.
Wiash peecpibie with 30mLof deionized wakr
Equipment

Cantrifige for 10 minuies at 00 0pm.

‘Wacuum Box ([Eideom AC-248 DX or AC-12-80K) Dacantsmamat: & waske

e Suzport Tubes-S (Sidwom 4C-1000-TUSE-2E)
¥ eliow Quizr Tigs (EidimmAC-1000-0T)

30mL Centifuge Tubes Diszhe preapiae m 23ml 70% HNG..
230-500rL Cemidfuge Tubes Transir oGl 0ml gessbesker.
Centriige

Rin= cenifuge tube with Bml 20 AKND:): and Sl 3M HNG,
Transir be rn= fo 5S¢ Smpesn S00ml glasshesker.

Cupped Senkess Stz Pendets (~Iml wiime]
Gas Flow Peporfional Couner

HatPlse
Analfcsl Sakbnce EwvaporsE samples b ~25ml on hoipbe.
G00mL GassBeskers Losd Transkr Smples o 300l cantilige wbes.
—— Sciuton o
SPRESN | s askees wifn 2 3 SmL 1 MHNG, Trnsie
Sepsmi0n| o e e b samplesin S0TL canilge wbes.

Figure 2. Strontium Resin Separation (Optional =Y Ingrowth)

(1] Premondifion Sr Resih wifh (&) Evapors®e samples o drwess (Opfions for =5 Descimingfon)
10 B HNC:: on Bed moped stankess sed .
Vihen focbian =Srand
(2) Load #5r Smpie st 1-dmLinin. | | pandhets. el da':fEE'" s
(3] Rins= =mole Wbe wih Il (9) Rinsa 5r =mgle visls with 2mL (3] S¢ racion fom zEp [7) can be
B4 HNC LIFMHND:. Tensier val = 1o ansired b 5 iquid scnilston
(4] Add wbe en= o 5¢ Resn. pendets. Evaoorsk fodrmess. visl. %5 can be messued by Ca-
Slute at 1-2mlimin. 5
renlow counng faithout LSC ook
3] Rin=Sr Fesn mquenisly wih: i),
- 15mL BMHND,
- 10mL 3 HND, - 005 oxslic add (i) B frgcion fom sep (10} oan be
- 10miL BA HNO, dizzohed i 10mL Bl HNO, afier =7

days af Y ingrowih . 25595 can be
ramaved on S Fesn. = wil e

——

(5] Dipasa of (1] fo {5) aswask.

(7] Stip Srwikh 20ml O — O inSr Fesn bad and can be counked
ﬂﬂﬁhll_-lHO;at — by iguid sdnillafon orgas fowpm-
{mfmin. {10) Weigh piandhets on an porfons] ouniing.

anzlyica balbnoe fodeizrmine
2xaml ] | |gmvimetic e of ssbi S4NO::
5r Resn . -
Carbidges (11} Meszue radioskenium n

samples on ow bschgmound gas
fiow prporional counter.

Peformance of — SrMethod for 1L and 2L Seawater Sam ples

Sample Sample o5 Reference T Sr, Measured Srcarrner
Replicates Volume, L Value [mBgil) Value [(mBgiL) % Bias % Recovery
i1 i 148 150+ 11 1.2 B5+5
4 z 148 154+5 4.7 22+4

2 heowr cownt fimes
MDA =51 mBgl or 2L sample

References

1} 5herod L. Maoeell, Brian K. Culigan, Riobin C. Utey, “Fapd delermnafon of mdioskonfum n seanabr smples”
J. Radisanal Nug! Chem., 2982, 867073 2013).
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Number
AN-1401
AN-1402
AN-1403
AN-1404
AN-1405
AN-1406
AN-1407
AN-1408
AN-1409
AN-1410
AN-1411
AN-1412
AN-1413

AN-1414
AN-1415
AN-1416
AN-1417
AN-1418
AN-1419
AN-1420
AN-1421
AN-1422
AN-1423
AN-1424

AN-1425
AN-1426

Title
Rapid Determination of “Rain Emergency Urine and Water
Rapid Determination of Srin Emergency Milk Samples
Rapid Determination of Srin 50g Soil Samples
Rapid Determination of Srin 1-2 Liter Seawater Samples
Rapid Determination of Srin Vegetation Samples
Rapid Determination of Actinides in Vegetation Samples
Rapid Determination of Srin Animal Tissue Samples
Rapid Determination of Actinides in Animal Tissue Samples
Rapid Determination of Sr in Building Materials
Rapid Determination of Srin Emergency Urine Samples
Rapid Determination of Sr in Emergency Water Samples
Rapid Determination of Actinides in Emergency Urine Samples
Rapid Determination of Actinides in Emergency Water Samples
Rapid Determination of 3y in Up to 40 Liter Seawater Samples
Rapid Determination of “°Po in Water Samples
Rapid Determination of Actinides and 2P0 in Water
Rapid Determination of 2*??Ra in Water Samples
Rapid Determination of *®Ra in Water Samples
Rapid Determination of ?%°Ra in Concrete and Brick
Rapid Determination of 226Ra in Glass Fiber Air Filters
Rapid Determination of 226Ra in 1g Soil Samples

Rapid Determination of 226Ra in 5g Vegetation Samples
Rapid Determination of Pu, Np, and U in 1-8L Seawater Samples
Rapid Determiantion of Pu, Am and Cm in 80L Seawater Samples

Rapid Determination of Actinides in 10g Emergency Food Samples
Rapid Determination of Actinides in 100g Emergency Food Samples

Coming Soon

AN-1427
AN-1428
AN-1429
AN-1430
AN-1431
AN-1432
AN-1433
AN-1434
AN-1435
AN-1436
AN-1437
AN-1438

Rapid Method for Plutonium in Rice

Rapid Method for Actinides in fecal samples

Rapid Method for Actinides in Asphalt samples

Rapid Method for Actinides in Emergency Soil Samples

Rapid Method for Determination of Pu, Am, Cm in large soil samples
Rapid Method for Actinides in Emergency Concrete and Brick Samples

Rapid Method for actinides in emergency air filter samples
Rapid Method for strontium in emergency air filter samples
Rapid Method for Np and Pu in large soil samples

Rapid Method for Np and Pu in large soil samples by ICP-MS

Rapid Method for Actinides in Urine by ICP-MS and alpha spectrometry
Rapid Method for Np and Pu in water by ICP-MS and alpha specrometry

Analytes
226Ra
Sr
Sr
Sr
Sr
U, Pu,Am,Cm
Sr
U, Pu,Am,Cm
Sr
Sr
Sr
U, Pu,Am,Cm
U, Pu,Am,Cm
Ogy

ZlOPO

210
226/228Ra

226Ra
Ra
226Ra

Ra
2260

226

226

a
Np, Pu, U
Pu, Am, Cm
U, Pu, Np, Am, Cm
U, Pu, Np, Am, Cm

Pu
Am, Pu, U
Am, Pu, U
Am,Cm, Pu, U
Pu, Am, Cm
Am, Cm, Pu, Np, U
Pu, Am, U
Sr
Np, Pu
Np, Pu
Am, Cu, Pu, Np, U
Np, Pu

Po, U, Pu, Am,Cm

Matrix
Emergency Urine/Water
Emergency Milk
Soil (509)
Seawater (1-2L)
Vegetation
Vegetation
Animal Tissue
Animal Tissue
Building Materials
Emergency Urine
Emergency Water
Emergency Urine
Emergency Water
Seawater (40L)
Water
Water
Water
Water
Concrete/Brick
Glass Fiber Air Filters
Soil
Vegetation
Seawater (1-8L)
Seawater (80L)
Emergency Food (10g)
Emergency Food (100g)

Rice
Fecal Samples
Asphalt
Emergency Soil
100-200g Soil
Concrete and Brick
Air Filters
Air Filters
20-50g Soil
20-75g Soil
urine
water



Sample Preparation
1) Acidify with HNO; (pH 1-2).
@ 2) Add Tracers.

3) Heat. Mix.

4) Remove from heat.

5) Add Ca/(NH,),HPO,

6) Mix. Add NH,OH to pH 8-9

\ 7) Additional heating.

8) Cool. Settle. Centrifuge.

9) Wash ppt. w/ dilute NH,OH.




1) HNO, protonates PO,3, dissolving calcium phosphate ppt.

2) AI(NO3); — HNO, provide NO, to promote extraction of
nitrato-complexes of actindes/Sr.



Mean Activity

Molarity



1) HNO, protonates PO,3, dissolving calcium phosphate ppt.

2) AI(NO3); — HNO, provide NO, to promote extraction of
nitrato-complexes of actindes/Sr.

3) AIP* complexes phosphate, minimizing impact on Th4*,



Valence Adjustment

1) Cool to room temperature. Warm solutions can increase
unwanted reactions.

2) Add ferric iron and sulfamic acid. Mix.

HNO, + H;NSO; - H,S0, + N, + H,0
HNO; + H;NSO; - H,SO, + N,O + H,O0

3) Add ascorbic acid to reduce Fe(ll), Pu(lll), Np(IV).
Uranium remains U(VI). Am/Cm(lll). Sr(ll).

Ascorbic Acid Oxidation

jl:l:g i L0 2H w2

I
EHDH EHDH

EHzDH EHEEIH

4) Add NaNO, to oxidize Pu(lll) to Pu(lV).

l.L. Jenkins, “Factors governing the choice of 237Np/238Pu Separation Process,
Actinides Reviews, 1, 187-211 (1969)



Column/Cartridge Separations
1) Precondition w/ 2-3 bed volumes of 3M HNO,.

2) Load/Rinse at 2mL/min.
3) OK for cartridges to run dry.
4) New/clean reservoirs and vacuum box tips.

5) Strip analytes at ImL/min.



Alpha Spectrometry Source Preparation

Microprecipitation Electrodeposition
Adeguate resolution Superior resolution
Rapid/Many Samples Slower

Direct Prep. from Requires evaporation
Column Strip Solution to remove HNO,/HCI.
Most Routine Calibration Sources
Analytical Sources Nuclides with difficult to

resolve peaks

Need Geometry Match to Calibration Source

M. Schultz, NAMP Actinide Chemistry Webinar Series, “Source Preparation for alpha spectrometry,”
https://www.icln.org/default/assets//File/Source%20Prep%20Alpha%20Spec%20Final_1-21-13%20slide%20deck.pdf

ASTM Method C1284-10 “Standard Practice for Electrodeposition of the Actinides for Alpha Spectrometry”

C. W. Sill, “Precipitation of actinides as fluorides or hydroxides for high-resolution alpha spectrometery,” Nuclear and
Chemical Waste Management, 7, 201-215 (1987).
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https://www.icln.org/default/assets//File/Source%20Prep%20Alpha%20Spec%20Final_1-21-13%20slide%20deck.pdf






CeF, Microprecipitation of U-238
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eF, Microprecipitation of U-238
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